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The  clusturlng  of  oxygen  and  helium  to  positive  lithium  Inna  hos  been  atiKliod 
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constant  was  determined.  The  relative  Importance  of  the  clustering  of  several 
atmospheric  gases  to  positive  lithium  ions  in  the  ionosphere  Is  discussed. 
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The  clustering  of  oxygen  and  helium  to  positive  lithium  ions  has 
been  studied  using  a drift  tube-mass  spectrometer  at  319K.  For  oxygen 
clustering,  the  rate  coefficients  for  cluster  ion  formation  and  col 11- 
sional  dissociation  were  measured  as  a function  of  B/N.  For  clustering 
to  helium,  only  an  eqalllbrium  constant  was  doterminod.  The  relative 
Importance  of  the  clustering  of  several  atmospheric  gases  to  positive 
lithium  ions  in  the  ionosphere  is  discussed. 

INTRODUCTION 

The  performance  of  communications  systems,  radars,  and  other 
defense  systems  are  predicted  using  phenomenology  codes  which  employ 
simplified  chemistry.  Extensive  chemical  codes  of  the  lower  ionosphere 
are  being  developed  in  our  laboratory  to  check  the  reliability  of  the 
simplified  chemistry.  The  development  of  those  large  chemical  codes 
requires  both  tn  eitu  measurements  of  ionic-  and  neutral -constituent 
densities  in  the  lower  ionosphere  and  laboratory  measurements  of 
relevant  reaction  rate  coefficients.  This  report  contains  recent 
results  of  the  BRL  laboratory  measurements  program  which  determines 
these  reaction  rate  coefficients. 
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RESULTS  AND  DISCUSSION  i 

The  clustering  of  0^  to  Li^  has  been  studied  using  a drift 
tube-mass  spectrometer  at  319K,  The  gas  pressure  was  varied  between  , 

66.7  and  200.0  N/m  (0.5  and  1.5  Torr)  and  the  E/N  (the  ratio  of  the  j 

uniform  electric  field  in  the  drift  region  to  the  neutral  number 
density)  between  1.2  and  2.4  x 10  V i.  . The  only  ions  observed 
were  Li'*'  and  Li'*' (02):  therefore,  we  assume  that  the  reactions: 

Li"‘  + 2O2  t Li*  (Oj)  + Oj 
dominate  the  ion  chemistry. 

The  apparatus  and  experimental  technique  have  been  described 
1 2 

previously  ' in  papers  describing  the  clusters  of  Ar  and  N2  to 
Li*.  Tlme-of-arrlval  spectra  for  Li*  and  Li*(0,)  were  recorded  for 

tm 

various  pressure  and  E/N  combinations  within  the  ranges  given  above. 

These  spectra  were  compared  with  spectra  computed  using  the  method  I 

t ! 

of  Gatland  for  two  interconverting  ions.  At  a given  B/N  we  sought  I 

the  set  of  parameters  which  resulted  in  the  best  comparison  of  the  ! 

experimental  and  theoretical  spectra  for  both  ions  at  three  different 
pressures.  Typical  comparirons  are  shown  in  Figures  1 and  2. 

The  deduced  rate  coefficients  are  shown  in  Table  I as  a function 
of  E/N.  Note  that  the  association-rate  coefficients  are  essentially 
constant  over  the  range  of  B/N  studied,  whereas  the  colllslonal- 
dlssociatlon-rate  coefficients  increase  with  increasing  B/N.  The 
amounts  by  which  these  rate  coefficients  may  bo  in  error  are 
estimated  to  be  124%  for  the  assoclation-r.ito  coefficients  and  122% 
for  the  collisional-dissrciation-rato  coefficients. 

^G.  E.  Keller,  R.  A.  Beyer,  and  L.  M.  Colonnn-Romano,  Phys,  Rev.  A 8, 

1446  (1973).  Also  available  us  BRL  Report  No.  1691,  PoeemUer~T9T3 7 
2^  #773668. 

I.  R.  Gutland,  L.  M.  Colonna-Romuno,  and  G.  E.  Kellor,  Phys.  Rev.  A 
12,  1885  f 197.S) . Also  available  as  BRL  Report  No.  1858,  I'obruary  1976. 
jTD  #A021522. 

I.  R.  Gotland,  "Ion  Swarm  Analysis,"  Tochnical  Report  of  the  Georgia 
Institute  of  Technology,  Juno  1972.  See  also  1.  R.  Gatland,  Case 
Studies  in  Atomic  Physics  4,  369  (1974). 
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I’lBurc  1.  Comparison  of  cxpor  lincntiil  datn  with  model  ciilciiliit  Ions  for 

Li  . U/N  “ li8  X 10  V oni^ , p ■ 1,00  Torr,  T ■ 319  K.  The 

dots  arc  monsiircmonts , and  the  smooth  curves  are  the  model  calculations. 
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1-iguro  2.  Compurison  of  oxpor Imontal  data  with  model  calculations  for  Li*(0^) 
under  the  same  conditions  as  in  l-lgure  1.  The  dots  are  mousure- 
ments  and  the  smooth  curves  arc  model  calculations. 
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TABLE  I.  THE  ASSOCIATION-RATE  COEFFICIENTS  AND  THE  COLLISIONAL- 


DISSOCIATION-RATE  COEFFICIENTS  FOR  THE  CLUSTERING  OF 


Oj  TO  Li  . 


»; 

V ’ 

y 

c 

V' 

F 

E/N 

( X 10"^°V  m^) 

*^1 

C X 10“*^  m^scc’^) 

“-I 

( X 10'^®  1 

!• 

k. 

r 

1.2 

1.03 

3.5 

1 

l.S 

1.10 

4.0 

1.8 

1.10 

4.2 

i 

1 

If 

2.1 

1.08 

4.6 

\ 

r 

2.4 

1.09 

4.9 

The  mobilities  of  the  two  ions  were  also  deduced.  The  Li 
arrival  profiles  have  the  expected  skewed  Gaussian  shape  plus 
a contribution  at  late  times  from  ions  which  emerg'td  from  the  tube 
but  had  spent  some  time  as  the  slower  cluster  ions.  We  used  the 
mean  arrival  time  of  the  skewed  Gaussian  portion  of  these  profiles 
to  determine  the  mobility  of  Li'*'  in  0,.  The  reduced  mobility  was 
found  to  be  4,10  x 10*^  m^/V  sec  at  319  K and  was  constant  over  the 
range  of  B/N  studied,  Considering  data  scatteri  possible  errors  in 
the  determination  of  temperature,  pressure,  drift  field,  drift  distance 
and  time,  and  the  possible  error  introduced  by  the  hot  source,  the 
error  in  this  mobility  (one  standard  deviation)  was  found  to  be  3.6%. 
The  reduced  mobility  of  the  cluster  ion  Li'*’  (0.)  was  determined  from 

A A » 

the  spectra  comparisons  to  be  2. OS  x 10*  m /V  sec  and  was  also 
Independent  of  B/N.  The  error  in  this  value  (one  standard  deviation) 
is  estimated  to  be  6.2%. 

The  clustering  of  He  to  Li^  was  also  studied  briefly  at  1 Torr 
pressure,  Only  two  ions  were  observed,  Li'*'  and  Ll'*‘(He),  We  assume 
that  the  clustering  process  can  be  described  by  the  reactions: 

^2 

Li*  + 2He  ? Li* (He)  + He 
^■-2 

The  small  number  of  cluster  ions  which  could  be  counted  made  it 
impossible  to  deduce  k-  and  k . separately,  but  the  ratio  of  the 
counting  rates  for  Li  (He)  and  Li  was  used  to  deduce  the  uquilib- 
rlura  constant,  K^»k2/k_2«l  x lO’^'^m^  at  309  K and  E/N  ■ 1.8  x lO'^^V 
We  assume  that  the  masses  of  these  ions  are  sufficiently  close  to 
minimize  problems  due  to  differences  in  detection  sensitivities  so 
that  this  determination  should  ho  correct  to  within  a factor  of  two. 

We  did  not  determine  the  mobility  of  Li*  in  He.  Although  wo  know  of 
no  other  direct  observation  of  the  Li* (Ho)  cluster  ion,  its  presence 


has  been  inferred  from  low  temperature  mobility  measurements  and  its 
binding  energy  has  boon  calculated  to  be  between  0.05  and  0.07 

Lithium  has  been  observed  in  the  atmosphere  with  a peak  number 
density  of  a few  million  atoms  per  m at  about  80  km.  Since  a 
significant  fraction  of  the  lithium  is  expected  to  be  positively 
charged,  It  is  appropriate  to  examine  three-body  loss  processes  of 
Ll^  that  are  revealed  by  our  studies.  Table  II  gives  room-temperature 
time  constants  for  reactions  of  Li'*'  with  N,,  0,,  and  Ar  at  number 

10  * 4 

densities  appropriate  to  80  km.  The  switching  reaction  that  could 
transform  the  initial  cluster  ions  into  L1*^(C02)  is  included  in  the 
table.  Since  the  temperature  dependenco  of  the  reactions  involving 
Nj  and  those  involving  0^  should  be  very  similar,  should  be  more 
Important  than  0.,  in  the  three-body  loss  of  Li''^  at  80  km.  Further, 
the  time  that  a Li'^'CN^)  clustor  survives  before  being  broken  up  in 
a collision  with  another  molecule  is  long  compared  to  the  time  required 
for  it  to  be  converted  to  Li’^'CCO^).  Thus  Li''‘(N2)  has  a much  higher 
probability  of  being  transformed  into  a more  stable  cluster  ion  than 
does  Li*(0j)  or  Ll*(Ar).  This  result  cau.ies  us  to  suggest  that 
should  be  investigated  as  an  important  reactive  species  in  studies 
of  other  B-reglon  ionic  constituents. 
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